generalist in terms of its host choice and resting behavior, which may be due to 35 phenotypic plasticity and/or segregating allelic variation. To investigate the potential 36 genetic basis of host choice and resting behavior in An. arabiensis we performed a 37 genome-wide association study on host choice (human-or cattle-fed) and resting 38 position (collected indoors or outdoors) in the Kilombero Valley, Tanzania. This 39 represents the first genomic/molecular analysis of host choice and resting behavior in a 40 malaria vector. We identified a total of 4,820,851 SNPs, which were used to conduct the 41 first genome-wide estimates of "SNP heritability" for host choice and resting behavior in 42 this species. A genetic component was detected for host choice (human vs cow fed; 43 permuted P = 0.002), but there was no evidence of a genetic component for resting 44 behavior (indoors versus outside; permuted P = 0.465). A principal component analysis 45 (PCA) segregated individuals based on genomic variation into three groups which are 46 characterized by differences at the 2Rb and/or 3Ra paracentromeric chromosome 47 inversions. There was a non-random distribution of cattle-fed mosquitoes between the 48 PCA clusters, suggesting that alleles linked to the 2Rb and/or 3Ra inversions may 49 influence host choice. Using a novel inversion genotyping assay, we detected a 50 significant enrichment of the standard arrangement (non-inverted) of 3Ra among cattle- 51 fed mosquitoes (N=129) versus all non-cattle-fed individuals (N=234; χ 2 , p=0.007). 52 Thus, tracking the frequency of the 3Ra in An. arabiensis populations is important, 53 especially in relation to the emergence of behavioral avoidance (e.g. shifting toward 54 cattle-feeding) in some populations. A better understanding of the genetic basis for host 55 choice in An. arabiensis may also open avenues for novel vector control strategies 56 based on introducing genes for zoophily into wild mosquito populations.
58
Author summary 59 Malaria transmission is driven by the propensity for mosquito vectors to bite people, 60 whilst its control depends on the tendency of mosquitoes to bite and rest in places 61 where they will come into contact with insecticides. In many parts of Africa, Anopheles 62
Introduction 76 Blood-feeding insects impose a substantial burden on human and animal health through 77 their role as disease vectors. In particular, mosquito species that feed on human blood 78 pose an enormous public health threat by transmitting numerous pathogens such as 79 dengue virus, Zika virus and malaria, which together kill more than one million people 80 per year [1, 2] . Human exposure to pathogens transmitted by mosquito vectors is 81 determined by vector behaviors such as: (1) propensity to feed on humans relative to 82 other animals (anthropophily) and (2) preference for living in close proximity to humans, 83 as reflected by biting and resting inside houses (endophily) [3] . These traits are known 84 to vary within and between the Anopheles mosquito species that transmit malaria [3] . It 85 has been demonstrated since the earliest days of malaria transmission modeling [4] that 86 the degree of anthropophily in vector populations is strongly associated with 87 transmission intensity. Furthermore, the extent to which vectors feed and rest inside 88 houses is a critical determinant of the effectiveness of current frontline control strategies 89 including Long-Lasting Insecticide Treated Nets (LLINs) and Indoor Residual Spraying 90 (IRS) which selectively kill mosquitoes that bite and rest indoors [1] . 91 
92
Vector species that are more generalist with respect to host feeding behavior, like An. 93 arabiensis, are thought to be better able to persist in areas of high indoor insecticide 94 use. This is because they are more likely to avoid feeding and resting in areas protected 95 by insecticides. 
Results

159
Analysis of host choice 160 We analyzed the blood meal from 1,731 An. arabiensis females that were captured 161 resting indoors or outdoors from 3 villages in Tanzania. Specific hosts were identified 162 using a multiplex genotyping assay performed on DNA extracted from female 163 abdomens (see methods). The relative frequencies of blood meals from a given host 164 varied by site, but cattle was the most abundant blood source detected in all three sites. 165 Lupiro had a significantly higher proportion of human-fed mosquitoes (24%; P <0.0001, 166 Fisher exact) than Minepa (7%) and Sagamaganga (11%; Figure 1 ). Mosquitoes that 167 tested positive for more than one host were rare (<5%; Figure 1 ). To investigate 168 temporal and spatial variation of host choice, mosquitoes were collected from several 169 households throughout a period of 2 years ( date and household were added as random effects (Table S10 ). The final model 175 showed that livestock presence at the household level and trapping location (indoor or 176 outdoor) were associated with the frequency of human fed mosquitoes found. The 177 proportion of human fed An. arabiensis varied by household and was inversely 178 correlated with the presence of livestock (P<0.0001, Coeff= -1.92; GLMM, Table S11 ). 179 The frequency of human fed mosquitoes was also correlated with trapping location -180 less human fed mosquitoes were collected in outdoor traps (P=0.0083, Coeff= -0.7349; 181 GLMM, Table S11 ). Genetic structure 205 To test for the existence of genetic structure within our set of 48 sequenced genomes, Testing for associations between inversion state and host choice 217 To explore the relationship between the 3Ra and 2Rb inversion state and host choice, 218 we developed and employed a novel inversion genotyping assay. In brief, we selected 219 SNPs near the inversion breakpoints with extreme F ST values between genomes 220 grouped by distinct 3Ra or 2Rb inversion states. We then genotyped our 11 inversion 221 diagnostic SNPs (3Ra=6, 2Rb=5) in parallel using the Sequenome iPLEX platform (see 222 methods . 280 A strength of this metric is its robustness to complex phenotypes that are influenced by 281 many small-effect mutations, which may be the case for host choice in An. arabiensis.
282
In this study, we collected mosquitoes that were blood-fed and resting indoors or To test for an association between host choice and these inversions with a much larger 311 sample size, we developed a novel inversion genotyping assay (see methods). It should 312 be noted that the inversions represent one or more linked alleles among many possible 313 other contributing alleles throughout the genome. To ensure that our genotyping method 314 was robust, we selected multiple SNPs near the inversion breakpoints for each 315 inversion (see stars in Figure 2b ). We associated the inversion genotype results to the 316 standard or inverted arrangement of the 2Rb and 3Ra by genotyping 15 karyotyped 317 samples (Table S5) Genomic library preparation and sequencing 480 To avoid identifying SNPs associated with demography or other environmental factors, 481 we chose to sequence mosquitoes collected from only one village, Lupiro. We focused 482 on this village because it had sufficient human-fed mosquitoes for testing ( Figure 1 ). 483 Genomic DNA was quantified using a Qubit 2.0 fluorometer (Life Technologies). We Format) file using samtools (v1.1-12) 'mpileup' and bcftools (v1.1-36) multiallelic-caller. 508 We removed indels using VCFtools (v0.1.13; "--remove-indels") and filtered for variable 509 sites using a minor allele frequency threshold of 0.10 ("--maf 0.1") and a major allele 510 threshold of 0.9 ("--max-maf 0.9"). Analysis software (GCTA; [70] . To calculate "SNP heritability" with GCTA, we first 520 generated a genetic relationship matrix. Then we calculated SNP heritability for host 521 choice (estimated human-fed prevalence = 20%) and resting behavior (estimated indoor 522 prevalence = 43%). To estimate the permuted p-value, we used a custom python script 523 to randomly permute the phenotype key for 10000 iterations (see supporting 524 information). The permuted p-value was estimated from the proportion of heritability 525 estimates from the randomly permuted phenotype key that were greater than the 526 heritability estimate from the real data.
528
Chromosomal inversion genotyping assay 529 We used GCTA [70] to perform a principal component analysis (PCA) on all whole 530 genome sequenced individuals from Lupiro. This partitioned the individuals into at least 531 three clusters. Genomic differentiation among the three clusters was concentrated in 532 regions corresponding to 2Rb and 3Ra inversions (Figure 2 ). We identified candidate 533 diagnostic SNPs between the three clusters using F ST values. We selected 6 diagnostic 534 SNPs for 3Ra that span 19.76Mbp, and 5 diagnostic SNPs for 2Rb spanning 6Mbp 535 (Table S4) . A multiplex SNP genotyping assay was designed for an iPLEX assay 536 platform using Sequenom Typer AssayDesigner program (Sequenom, Table S3 ). The Acknowledgements 559 We thank Julia Malvick at the Veterinary Genetics Laboratory for her assistance in 560 iPLEX SNP genotyping and three anonymous reviewers for their comments on the 561 previous version of this manuscript. We also thank the inhabitants of Lupiro, Minepa 562 and Sagamaganga for their collaboration during field sampling. Sequencing was 563 performed by the Vincent J. Coates Genomics Sequencing Laboratory at UC Berkeley, 564 supported by NIH S10 Instrumentation Grants S10RR029668 and S10RR027303. 565 Financial support was provided, in part, by the National Institutes of Health grants 566 R01AI085175-03 and T32AI074550. 
